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1 Neurodegenerative Diseases and tau: Potential contributio\n
of protein aggregate spreading

= Proteopathies: Aggregation of misfolded proteins

= Tau aggregation in neurons and glia:

- Sporadic: Alzheimer Disease (AD), Frontotemporal Dementia (FTD),
Progressive Supranuclear palsy, (PSP), Cortico-basal
degeneration (CBD)

- Acquired: Chronic Traumatic Encephalopathy (CTE)

® Trans-cellular propagation of tau: a potential prion-like mechanism for disease
progression

Braak and Braak Staging, 1991
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Outline

1. Studies of ISF tau metabolism demonstrate the
normal presence of both extracellular monomeric
tau and suggest the presence of extracellular tau
aggregates in vivo.

2. Certain anti-tau can bind to and sequester extracellular
tau aggregates in vitro and block the cell to cell transfer
of tau and subsequent tau aggregation.

3. Effects of certain anti-tau antibodies on tauopathy in
VIVO.



Tau metabolism

Tau plays a key role in both AD and other neurodegenerative diseases
such as FTD, PSP, CBD, and TBI. We have a poor understanding of tau
metabolism in vivo. Tau is an intra-cellular protein, yet it is found in
CSF and is elevated in some tauopathies such as AD but not others
such as FTD.

Extracellular tau appears to be involved in spreading of tau
aggregation. In addition, tau is increased in the CSF in the setting of
“neurodegeneration” (stroke, CJD, AD). Developing a way to measure
the concentration of tau in the extracellular space of the brain should
provide insight into tau physiology and pathophysiology in vivo and
may provide an in vivo drug screening tool for future studies.
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To better study tau metabolism in vivo:

We have developed a tau microdialysis technique to begin to examine
the changes that occur in the normal brain and animal models of AD
and tauopathy.




In vivo microdialysis
To assess soluble ISF AB
metabolism

Interstitial Fluid (ISF)

Cirrito J et al. J. Neurosci. 2003
Cirrito J et al., Neuron, 2005
Kang J et al. Science 2009



In vitro microdialysis of tau with 100kDa probes
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P301S mutant tau transgenic mice

P301S mutation

In humans causes early-onset FTDP-17.

P301S tau transgenic mice (express human P301S tau)
Strong tau positive neuronal staining at 6 months of age.

Show neuronal loss ~ 8months of age. Yoshiyama et al., Neuron, 2007
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Tau is present and can be measured dynamically in the ISF
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Full length murine and human Tau is present in the ISF
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P301S Tau Tg mice have high levels of human Tau in ISF:
Marked decrease in ISF Tau with age in Tau Tg mice
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tani in RAE [nging]

Decrease in soluble Tau and increase in insoluble Tau with age
in P301S Tg mice
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Decrease in ISF tau following infusion of Tau fibrils in P301S Tg
mice
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Model of Tau metabolism:
Equilibrium between soluble and insoluble Tau
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Outline

1. Studies of ISF tau metabolism demonstrate the normal
presence of both monomeric tau as suggest the
presence of extracellular tau aggregates in vivo.

2. Certain anti-tau can bind to and sequester
extracellular tau aggregates in vitro and block the
extracellular induced intracellular aggregation of
tau.

3. Effects of certain anti-tau antibodies on tauopathy in
VIVO.
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Progression of Disease - Prion Mechanism
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Diamond Lz FRET Seeding
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Relatlve Percent Induction

Tau antibodies block the tau aggregate inducing activity
of P301S brain lysates
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Outline

1. Studies of ISF tau metabolism demonstrate the normal
presence of both monomeric tau as suggest the
presence of extracellular tau aggregates in vivo.

2. Certain anti-tau can bind to and sequester extracellular
tau aggregates in vitro and block the cell to cell transfer
of tau and subsequent tau aggregation.

3. Effects of certain anti-tau antibodies on tauopathy
In Vivo.

Experiments: Led by Kiran Yamanandra, Najla Kfoury,
Hong Jiang, Tom Mahan

Holtzman lab and Diamond lab
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Characterization of anti-tau antibodies by using Biacore (surface plasmon resonance)
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Anti-Tau antibodies HJ8.5, HJ9.3, and HJ9.4 stain both soluble
and aggregated forms of tau (HJ8.5 staining shown here)

KO

Yanamandra K, Kfoury N, Jiang H, Mahan TE, Ma S, Maloney SE, Wozniak DF,
Diamond MI, Holtzman DM. Neuron. 2013 Oct 16;80(2):402-14.



Anti-Tau antibodies IP cellular tau seeding activity: Evidence that oligomeric Tau

Tau antibodies IP seeding activity SDD-AGE reveals
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Anti-Tau antibodies IP tau fibrils and other aggregates from
TBS-soluble P301S Brain Lysates

HJ9.4 HJ3.4




Experimental plan for ICV infusion of anti-Tau antibodies (Abs)

Conditioned fear

_ 10-12 weeks
change osmotic pump —
6 months | 19 months
day 1 day 42 (6 weeks) day 84 (12 weeks)

Start ICV infusion of Ab Ab: 302.4 ug/42 days Ab: 604.8 ug/84 days
Stop treatment

Rate of infusion: 3.6 pl/day — 0.15 pl/hour,
2 ug/ul concentration of antibody = 7.2 ug/day



Anti-tau and AB antibodies are stable after their presence for 6 weeks
In osmotic pumps in vivo
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Anti-Tau Antibody treatment reduces pathological tau staining in P301S mice
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HJ 8.5 Antibody treatment reduces ThioS staining in P301S mice
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Anti-Tau antibodies reduce activated microglia as marked by
CDG68 staining in P301S mice
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HJ8.5 and HJ9.3 strongly decrease insoluble tau in P301S mice
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HJ8.5 and HJ9.3 treated brain lysates are strongly suppressed in
their ability to induce intracellular tau aggregation
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Correlation between AT8 staining and tau seeding activity
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Relative FRET/donor

Significant correlation between brain tissue
Tau seeding activity and insoluble but not soluble Tau
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%TIME SPENT FREEZING
(MEAN + SEM)
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HJ8.5 and HJ9.4 treated mice have significantly better
performance in fear conditioning task versus controls

O PBS+HJ3.4 (n=20)
B HJ8.5 (n=8)
O HJ9.3 (n=9)
¢ HJ9.4 (n=12)
T/S

T/S

BASELINE

MINUTES

50—

%TIME SPENT FREEZING
(MEAN + SEM)
8
|

O PBS+HJ3.4 (n=20)
W HJ8.5 (n=8) %%
0 HJ9.3 (n=9)

@ HJ9.4 (n=12) *

MINUTES



Summary

1.

In vivo experiments with anti-tau antibodies show we are
strongly decreasing tau pathology and improving function
with ICV infusion. This suggests that this type of approach
has promise therapeutically.

Evidence suggests that tau aggregate spreading may
contribute importantly to tauopathy. We can use in vitro
seeding assays that we can apply to the in vivo setting to
both further test this hypothesis, develop novel
treatments, and test them in vivo.
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